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ABSTRACT 
French experience in earth embankments reinfOrced by gcosynthetics dates back more than 25 years. This technique was developed on 
the basis of reference structures fitted with instruments to monitor their behaviour. Three of the largest structures built have been 
chosen in this paper as they are typical of the different construction lechnologies used in France. 
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I INTRODUCTION 
France has lengthy experience of structures reinforced by 
geosynthetics. The structures are generally built for retention 
purposes. Since the first applications more then 25 years ago, 
the geotextiles used have obviously changed but, above alL 
construction technologies have changed even more. especial!]' 
with respect to the facing. The facings v..-"ere initially made of 
uncovered geotextile and it \Vas difticult to protect them from 
UV solar radiation. 
The modern structures presented here make usc of very 
different technologies for the facing : vertical geotextile facing 
doubled by a prefabricated concrete wall (Foix. § 2), sloping 
facing with vegetation (Lourdes, § 3), segmental wall made of 
concrete units linked to the geotcxtilcs (Brides les Bains,§ 4). 
Another specific feature of geotextile-reinforced structures is 
that they are subject to relatively high strains but, as will be 
shown later, this strain occurs mainly during the construction 
process. The current design of this type of structure is based on 
the ultimate limit state, or in other words, it docs not CJl!ov,' 
strains to be determined \Vith any accuracy. 
In view of the considerable height of the structures presented, 
it seemed of some interest to monitor their behaviour during 
the construction period and for several years after. The main 
difficulty here lies in the special inc;trumentation to be 
developed for this purpose, given that the conventional 
equipment used in civil engineering is often unsuitable. This 
article presents a reliable set of instrumentation. proven on 
several geotextile-reinforced structures. 
2 FOIX RETAINING STRUCTURE 
2.1 Presentation oft]Je structure 
Table I and figure 1 summarise the main characteristics of the 
structure built in 1994. The facing, imitating natural rock, is 
separated from the reinforced embankment. A retractable form, 
positioned with respect to a fixed geometric reference, enables 
each elementary layer to be compacted. On completion of the 
embankment, the form supports are removed and the 
reinforced concrete screen is installed 80 em in front of the 
embankment. 
Tableau I : Foix main characteristics 
Block I Block 2 Biock3 
I Iauteur: H (m) 7 6. I 5.6 
Inclination : ()C) 90 90 90 
Soil':~·(") 40 40 40 
Soil*: c' 0 0 0 
Geotextile**: Tf 400/300 200!15011 00 75/50 
strength (kN/m) 
Geotextile** : J 3300/2500 1700/1250/ 625/415 
stitli1ess (kN/m) 830 
Length : L (m) 8.5 6.5 5/3.5 
Spacinv : L'<H (m) 0.30 0.40 0.40 
*sandy sml **woven +non \Vovcn polyester 
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Two measuring profiles were equipped \vith instruments 
(fig. 2). Each profile includes : 13 strain sensors fixed to the 
geotextile .sheets. four rod-type horizontal cxlcnsometers 
linking the gcotextile facing to a fixed point at the rear of the 
720 
embankment ; three vertical inclinometers. Except for the 
inclinometers, all the measurements arc continuously recorded. 
2.3 Behaviour of the structure 
The strains in the geotextiles (fig. 3) occur essentially during 
construction and \Vould not appear to change much after 
completion (the observation period now exceeds three years). 
The strains recorded remain less than 2 %. At the end of 
construction, the maximum tensile stresses in the instrumented 
sheets are in the follm.ving range : 
* 40 kN/m for sheet with strain gage 2 
* 66 kN/m for sheet with strain gage 5 
* 19 kN/m for sheet with strain gage 8 
* 27 kN/m for sheet with strain gage 11 
-embankment height 21 m 
____....__stain gage 5 
-----strain gage 2 
-e- strain gage 8 
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Fig3 Strains in geotextile sheets (Foixj 
1000 
Horizontal displacements (fig. 4) measured by the 
inclinometers and by the extensometers are in agreement. The 
kinematics of the structure corresponds to a rotation around the 
base in the downstream direction, associated with a slight 
lateral movement of the base. 
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Fig..f I /on=ontal displacements from inclinometers and from 
extensometers (F01x). 
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Over the 3-year observation period, displacements of the 
embankment (fig. 5) occurred during the construction period 
and continued for several months after completion. For the last 
two years, horizontal displacement of the top level has been of 
the order of 1.5 mm/year. Compared to the strains on the 
geotextile sheets, these displacements prove that the reinforced 
embankment moves in a single block (monolithic). 
- embankment height (6.5113.0/ 19.0 m) 
- Extensometer G I 
_..,_ Extensometer G2 
.,.._ Extensometer G3 
_.,_ Extensometer G4 


















Fig.5 Hori=ontal di5placements (Foix) 
3 LOURDES RETAfNfNG STRUCTURE 
3 .I Presentation of the structure 
The reinforced embankment (fig. 6 and table 2) has a flexible 
facing with natural vegetation growing in it, made up of a 
geogrid which retains the top soil. A measurement profile was 
equipped with 12 strain sensors fitted to the geotextile sheets, 
three horizontal extensometers and one vertical inclinometer. 
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Tableau 2 : Lourdes main characteristics 
Block I Block 2 Block 3 
Hauteur: H (m) 7.3 8 12 
Inclination : ~ (") 75 50 50 
Soil':¢' C) 35 35 35 
Soil*: c' 0 0 0 
Geotextile**: T 1 300 (n I I) 200 (n 14) 200 (n-13) 
strength (kN/m) 
Geotextile** : J 2600 I220 1220 
stiffuess (kN/m) 
Length : L (m) I0.2 14.3 13.2 
Spacing : f>H (m) 0.60 0.60 0.60 
*well graded sandy gravel **woven polyester 
·-----.. -~--~~· 
• 
strain gage ~~~~~~~~~~~ 
........_ ex1ensorneter j_." · 
( 1/4) "" 3 8 7 6 
2 m 
• inclinomclcr 
Fig.6 Lourdes instrumentation 
3.2 Behaviour ofthe structure 
Most of the strain in the gcotextile sheets occurred during the 
construction period (fig. 7). These strains, observed on a sheet 
of the middle block, never exceeded 2% and were the highest 
values recorded in this structure ; the corresponding tensile 
stresses in the geotextile sheet \Vere 20 kN/m. A fevv months 
after completion of works, these strains would appear to have 
stabilised. 
A relatively large part of the overall displacement of the 
structure (fig. 8) occurred after completion of the works. 
During the period when the strains in the reinforcing geotextile 
sheets would appear to have stabilised, the overall 
displacement continued at a rate of about 4 mm/year. 
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Fig.7 Strains in geolexlile sheets (Lourdes) 
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Fig.S ()vera/[ displacements of Lourdes structure 
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4 BRIDES LES B/\INS RETAINING STRUCTURE 
4. I Presentation of the structure 
As part of the worl-.s to improve access to the sites of the 16th 
Winter Olympic Games in Albertville, the construction of a 
bypass around the town of Brides les Bains required a road 
section along a mountain side. In order to cross over the 
numerous thalwegs encountered, a technique of nailing in cuts 
and gcotcxtile-reinforced soil in fills was used. Completed in 
1991, the structure is characterised by its segmental wall. The 
concrete units clamp the geotexti le sheets between two layers 
of sand, thereby avoiding any direct contact of the sheet with 
the concrete which could otherwise lead to hydrolysis of the 
woven polyester. The instrumented profile was located at the 
point of maximum height of the structure (fig. 9) where the 
road crosses one of the tha lwegs (photo 2). The main 
geometrical and geotechnical characteristics of this profile are 
indicated in table 3. 
7rn 
• strain gage 
horizontal 
inclinom~tcr j H4 




Fig. 9 Brides les bains cross section 
Tableau 3 : Brides les bains main characteristics 
Block I Block 2 
Hauteur : II (m) 6.7 7 
Inclination : 13 (0 ) 63.5 90 
Soil* : <!>' ( 0 ) 35 35 
Soil*: c' 0 0 
Geotextile** : Tr 150 150 
strength (kN/m) 
Geotextile** : J 1300 1300 
stiffness (kN rn) 
Length : L (m) 9.00 6.00/8.00 
Spacing, : ~II (rn) 0.30/0.60 0.60 
*silty gravel **woven polyester 
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Photo 2 General view of Brides les hains relaining structure 
during construct ion 
4.2 Instrumentation 
The instrumentation includes sensors for measuring the 
elongation of four geotextile sheets at four different levels, and 
four horizontal inclinometer tubes placed in the vicinity of 
these sheets. 
4.3 Behaviour of the structure 
The maximum strain measured in the geotextile sheets on 
completion of construction was 1.3 %, which is well below the 
failure strain value of about 12 %. Virtually no additional 
strain has been observed since then. This stabil isation has been 
confirmed by the inclinometer measurements, although a 
certain differential movement of the segmental walls and the 
reinforced soil embankment may be observed (fig. I 0). This 
figure presents the relative movements afler construction. 
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Fig I 0 Vertical movements observed ajier construction, /f'om 
horizontal ;ncfinometers. (a): location of the inclinomelers; 
(b): relative movements 
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5 CONCLUSIONS 
The behavioural analysis of the structures described in this 
article, coupled with the experience acquired over the past 25 
years, show that geosynthetic reinforcement is an important 
technique. The main conclusions to be drawn are as follows: 
• various construction processes have given proof of their 
efficiency, especially with regard to the problem of the facing, 
with three possible solutions prefabricated concrete outer 
\Vall, sloping facing with vegetation, segmental wall with units 
linked to the geotextile, 
* most of the strain induced in these structures, reputed to be 
"flexible" and "deformable", occurs during the construction 
period, 
* the stress levels in the reinforcing sheets remain low with 
time, generally less than 20% of the tensile strength, 
• however, for major structures, regular monitoring of the 
behaviour is recommended ; this could be achieved by using 
specific instrumentation and the same overall strain values 
must be obtained using two different methods (redundant 
monitoring system). 
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